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(57) [^iSit] mmm) 

im^^m] fb^^Lii-x-a Ax Nil-Y-b BY Oz 

(fib, AliSrtfctiBa, tb<»±ME, Ca, S 

v±m±m7im^ ov^■r'^^.A^T'* u . b i < ^-^ 
^j:< ii til aoigs^^jiTcsgA* el's y, *itix . y it, 

0<X^0. 10, 0<YSO. 30, a, b»i, - 
0. lO^a^O. 10, -0. IS^b^O. 15; 

au. B7!)i2aJil±(Z)iS^ifeJl7t;^7i^e.^i:5»-^«, Y 



1 

im^mi] ^b^*Lii-x-a Ax Nii-Y-b By O2 

lacos^^s^c^A^^Jiy. ^Ffx . Yi±, o<x ^ 

0. 10, 0<Y go. 30. a. bit, -0. log 
ago. 10, -0. ISgbgO. 15; fib, X t* 

76^75^ e'S:^^-^ It, X \t±7;i^t)V±m^mjim<Dm. 

^;ui!c-efey, ^fc, y itBcoi^^;i/^S:^b. ba^2 

am-t03i^^M3t^*^e>^*S^-&lt, Y ltNiS:|^< 

c: J; s: ^ -r sif 1 tin^iEmm^s:. 

1SB«OIE^^S#jK. 

[ff*^4] 0<X go. 0 8T'fc'5cli:S:^tmi:-rs 

[it*^5] o<x go. 0 5X'&^^it^nnt-ri> 

[It*«6] 0<Yg0. 2 5T'feSCi:l:!f#iai:-rs 

If 1 ie«©iEiisi#s. 

Itmmi] 0<Y go. 2 0T'feSCli;S:!ttmi:-r^. 
tl*:^lf5iS©iEfiitg4^!g. 
[It*3^8] -0. OSgagO. 0 5V$>i>:iti:<^ 

Itm^^a] -0. 02gag0. 0 2 -C^^S CI i: 

i^i ^ ^ If 1 ie*!50iEl£tg ii^K. 

[^*3^101 -0. OSgbgO. 08T-feacii;& 
[|f*«ll] -0. 04gbgO. 04t:'*.4ii:S: 

1. 0 0 J-:/..!:, 1. 2 SmT^fJ-^T-i^-^b, A^-Q, 
i|SfS:i^<b#H^cf'T'^^^, 4^bfc7^I/;<JU:9-&l^* 
■r 5 d i: S:iNFmi:t-S3f*Jai lESKffliElS^^KOffiji 

0. 9 0J^^±, 1. 0 o*}i©»j-^T'iii-^b, mitmm 



(2) iligf ^ 9 - 1 7 4 3 0 

2 

[If*«15] lf«iBlIE«(Z)iEli«!i^»e&ffl\,^Sc:i: 
i:, iElS^§*^gi:<b;^^Li2 CuOz xm^tii>V^ 

im^mn] iMm^s:mmmiBm.<Diis^s:x&^ 
mo 

10 [ft 1 8 ] m^m 12-14 tmo):^mxmmt\' 

nmm 2 0 ] t^mm9.tim\ mmmmx& ^^t^ 
9^Uft^mmmi 5 *fcit 1 6timff>4mmm^ii^ 

mm. 

[if*:K2 1] m^mmmA'^^^mMi oo^m ^t®® 
20 mmvix&^:iii^mmt^^tmmi5^r^[ti6u 

[000 1] 

mm^=.^mm icii-r s 1 0 -e* s . 

[0 0 0 2] 

?>:«?a0 « i: /b tltTJl^^ U I, ^ - y -b-;!/ - 

K 5 -i^ An.mx^ i> iS\ ttafeUffi tf^f^l. 2 V ig 
<. a:4^;i/=¥-^SffllR]±ltffiliT-fe^. it 
Md^O. 5 34i:Hft:0#^^:f|:lS%)«l^e>;i, mffiA'fig 

ntpgc±x:&^fj^'^is±m^mm-t?>v^'t^^^}km 

[0 0 0 31 bA^b, •J^'i'A^ESrr^^lC^effl-rS— 

40 (f^'VK^-^-H) AWSa^sb. ^mmV->( ^)UKj:^X 

^Lxmm^^^LXLto. -e^-c. ^j^it, i^gsBS 

6 2-9 08 6 3-§-^f|gtCzR$tvTV'«5J;e)lc, u-i/ 
x^03M^Kttif4&:ftMi:b, 7;i/;^ •J^M^:t>S: K 
- e > IK K - e > i^'f 5 c: i: ic .k *J 3te]6ftm & ^ U jg 

50 ^i^SStmoii y ag b tcij W 4:ft1g®5&ibrp5S S miST- 1 
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V ^ It 7 ^ ;j- > O K - e V ^" S: »2|s:Ma i: f -5 m@ & jpjffl 

Ufc-iSkBMi: UTti. it^rjSHSS 7-2 0 8 0 7 g-i-ilj 
IE, !i^|§BS5 8-9 3 1 7 e^iifg. itfMBSS 8 - 1 9 
2 26 6-§-i:ffg. iltiSliae 2-9 0 8 6 a-^il^fg, iifgf 
BS6 2-1 2 2 0 6 6-§-4;t$g. !|f|§^3 - 6 6 8 5 6^ 

[0 0 0 4] c:OJ;^^^J^^RMi^^i;U-C^t, 

^^<Dt0, (Miii*t^. feSiMtl^ 

[0 0 0 5] SP,IC. ^iST-tt, lSx;^;i/df-SB|g^bO 

0O2 (0<xgl, 0) , Lix Ni02 (0<x^ 
1.0) tii£i}\ i^mfe, ^^tt, ^m^h\,^oM.i)^i^ 
«t)*ST-SSi:#;i■C^^•&, ^©JSA^T-t), LiNi 
O2 LiCo02 ICJt^T, 

[0006] 

[^HS:^W^bJ:e>i:-r-5fiSffi] b b ^i: X)> & , LiN 
i02lt, 1 0 0mAh/ggSOtt:«S«JiSv>i5c^g» 

-e3is*jc«S:^yjgbfc#-^i±. -!t>ri7;n^^i§i4tciti§ 

^craS;i)^?'j:v^A^ 1 0 0 m A h/ gSi^J^AJ:®;^^^:* 

[0 0 0 7] *l!Ba#e)A\ LiNi02 S::iE 

J;^S(^S:i:(Z)m®il^Bitcoi>T^WbfciiS:^, 

2 J; o T-y-'i' ^;i/^&^b*^« b < ® d i.®T'lt 

ig $ tt, ffl^®*S(«Bf ^c U ^ A *W V 31 - 

u-i/3 >-r ■5#^*M'>-r -5. Clinic ck yjjcss^o^ 

^bSrSd-r, (2) LiCo02 3^SmB#tc U 

>'-^;i/hA\ 3d|li3i (t2g) \,zy^nn^^M^^k^^ 

lcS^eii14*>lf*nf ^®lc5tf bT, L i N i O 



(3) 4$|§¥ 9 - 1 7 4 3 0 
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[0 0 0 8] LiNi O2 CO^-^li, (l)i:(2)A> 

(1) i: (2) ®n5:^&g|^b'5:v>i:||ffl±0-tf'r^>'i/ 

(1) IcMbT. !|#fgi¥5-2 9 9 0 9 2 (LiNi 
1-XMnx O2 ) . ^§^¥6-1 50 9 29 (Lix M 
Y Ni02 ;Mf*Na, K<Dtt>'ptj:< I'D) . ^ 
10 §§¥5-325 9 664^ if^O t^(Difcmti'^&^ttlX t 
tc, it^H^e-l 5 0 9 2 9l±, 'J^-^AO-gPSTTf-h 

'J5^'j;AS:r'f Vii-AU-i^a Vbfc^. ^^^flljgS: 

*i^bJ;e)i:-rstCD-eS.S;^»\ c:CQ#-^. U^'i'A;! 
©T^- NU •t>A^r:i\ttJ U ■5AA>U^'i7A>r:tVCDfeii(S: 
PI^bTbSvA. *5cm^4S:<g;T$li:Tb*d 

^K^5-29 9 09 2fcJ:li«44flB¥5-3 
2 5 9 6 61*. ^.ySr;!/®— g|5$:T>;^'>fe-&v>ltn^^ 
K icB^I" -Seville J; -oT, 3fe«B#U^'t'A$:T'V V 
20 3'-;<Jl/-i/3 VbfeBf, ji^1ijgS:iiijtbJ:e»i:f .S) 

[0 0 0 9] jglc, 1$gi¥4 - 1 7 1 6 5 9-§-ii>fSlc 
l± , a >- K is 'J ^ -i; ffl b#» fc S <J ^ "t? 
A O— Sr 7;i/:^ ij ±5®^at?^ S >> -i^ A lcfi#| 
bfc^b-^^^^c-^^'>x®fe^*»fe-5. bA^b'iiO^e. 3>'-< 
;i/hau5=-'t7AicJt^. J; UiS^fi^b;<)^W#$*i-S-s/ 

^jum 'J^0AKi3\>^XZ Sriiffl b fc®-^® J5&lft 

\,^xlo%&.±<D'J^'^2:.^TJl'tlU±m^mtmml^ 

t-t:i^, ^b<^ft7!>'^6T■ri.^:^^^^gmS:^#fe. ^ 
l'^>'l/$&^b^#®(ilRjli^6.ti^)feO(iD. *3|5c:ti6.® 

i:, mm±^-i-^x^^hLmt>^^^m^£\'^.> 

[0010] (2) tcMb-Ct>, it^ggBSe 2-9 

0 863-§-iifg, !|§§§^6-1 24 7 0 7^Ci:"^-o*^® 

!|^iiBg6 2-9 086 3-§-i^f8 
(Ax My Nz O2 ; Ali7;u:*U^M. MliS^^ 
40 NliAl, In, S n®i^:^j:< IS) It, -y 
>r;i/(7)— gpS:7;b5?S:iflcS^"r'&' i:tc<i:oT. 
{5«ttS:##bJ:e>iit-5t>0T'*2)/»\ Sftmmffija^iS 

T-r-5Mi^A»*y. Tis^i^u^'i'A^^ifcicai^^ti-rv^^ 

iSliffi. iSx^^;i/af'-^i?i:oriii$tJ$:a4^-:>Tb*o 
i;t^e)^,*^A>*)'5. ^M¥6-1 24 7 07 (Liy N 

1 1-X Mex O2 ; MeltCu, Zn, AgtOvi-ftl 

It. -■:/>r;i/©-gP&®'ii:'0)g©^iR7C^-eBm 
f ■5Ci:lc<fcrD-C, B^bfeil^j:i:®^^^ajt;^lcJ: 
oTS^-isittti&^-^bJie) i:f ^t»0t; feS*\ 
50 i';i/f?^!|f14ffllRj±lCOV^T»tMOIB«l*^i:v^. 
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[0 0 11] 4fgf^5-2 8 3 0 7 6 (Liy N 

1 1-X M ex O2 ; M e liT i . V, Mn, F e (Dl/t-f 

icE^-r5cii:tcJ;-oT. ^mt^V^'y J^^y"^ yS- 
[0012]-:^, ctif-u^-^A • -y'y;u^^^fb 

-^^StifcL i N i 

02 ii^:^fB5^oR-3m(D^r^picabT^DU> aiai 
^ti^^m ff^m^sE b < m^m^£ ^ fc/i^^^it s j^bS b x 

is?) . b Aci^l^R fcnt S 'J ^ "^7 A i: - !y •ir;K7)M^ 
iiitti 1 *f 1 Kit^i e-r. -eraffl^^it L i 1-X N i 

1+X O2 (x>0) T-aStl^^b-&!^lC^CoTb*e). 
' Mtm^miz V^tf Ai!g©^SiJ4>A>l?ft-r S ^ i: Irigl 
i*b, **l&<)tcliM^bU5't7AS^v>l*7K^^bU5=-'^7A 
i: fcSiT;!/;*? 'J ^^Kt \^X^^%m^mK-t i> z. 
hizfji^. ci®igAbfc^7;i/;<7Ui±i^K»i, SI^S® 

b, m?lfc!|f'lt0ETS:ta<«*^yT''&:<. -ero^sstt^ 

^®'J^^AJM^;i^®}gAS:miJb, ||^ttJ;<g6<J 

[0 0 13] jstc, mms^n^-^mt Lxm\>>r~m.m 

x\t. mmo)^^mMizMLxmmmM:ff^'h^\'> mm 

a*l±, jg^^(^s®a«lctJ;^;^\ 2 0~6 0%t#^^ 

K:k^<, mm(D^nmo)mc\i\:.it>x 1 o%pxfttjt 
^ztt)'^^p>hx\,^i>, mz, mmi^^-kmtLxm 

' (Z):ft1Sj^^#:v\CD ij 5^ -5 A-r Ti- > ® H- i?"^ 

l!i K - 1° > i'" & *yffl b u ^ ■t' A >r ;t ^c fcH ^ 

t\,i,v^t>A^:&y\t. mmm^ifi-Lxmm:^^!^^^-^ 

ii^, ^oaiS*ti^felcffi^-r^^^^j:'J5^1?Al:®^f£ 
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[0 0 14] ^0«git!i*®MHi:bTlt. j^^{*:cfi(Z) 

[0 0 1 51 *|gH§tt. ±ie«^SttJ<Z)^;*&«^ib J: 
[0 0 16] 

g<if ^ >t «?) Ji^T ® S fiS * -r ^ ® T' S = 

[0 0 17] r (1) ^b^^Lii-x-a Ax Nii-Y-b 
Bv O2 ({i.b. AltXhn V5=-'i'A*fct*/''«'J 17A> 
%>b<l*vif:t'-.i^';;A, ^^lUi/i^A, xi-D>^'i;A*; 
=ktl«/'-<'J e7ACDttJA<^S«*vfc^->^j:< i:tj2aOT;i/;<J 
'J±S®^iR7C*, CDl^-r^T-A^-C^ BltN i $:|^</j'- 
20 'i:< i:t> ia®S^^M7U^;<>^e.'i:y, ^ffJX , Y l±. 
0<X^0. 10, 0<Y^0. 30, a. bit, - 
0. lO^a^O. 10. -0. 15^bS0. 15; 

fib, X m (Dm^ejum^mL, a tr^zmiik^oyyjiyti 

b, B;^-^2am±CDil^^«^^;6^e,?'j:S«-^»t. Y It 

N it:m<^M^Am^m<ntist^jmx$>^) xm^t\^ 
^^t-^mx&^zti^mt-r^iEmsmK^ (2) u 

^■i;A*?J:tJ«AS:^ti'ail!JMi|BfS:, -y'5r;L'*fcltB S: 
30 -tt.'aill0*4lC^b-C^b^*m-ei. OOJ^-h, 1. 
2 smTOW^T'li-^b, M*4?&mfb»H^tt'T' 

s±iE (1) ie«®jEffi«ifeS®^gji:&i£. (a) u^^ 

■!7At,'it/A&#tfmiSIMi^S:, -y'ir;UtfcltBS:-t 
t,«m%;M?4lc5bfb-C^bf:»^Jtt:-0. QOJJ^Ji, 1. 0 
0*?®(Z)fJ^T'|)g-^b. m^b»H^cfT«f Sdii^S: 

!KF'iSi:i--2)-hSfi (1) mmo)iEm^^m(Dmmism. 
(4) ±13 (1) um<Dmmiis^s:t:m\'^i>ztmm. 
t-t^$mmmm^d^m.m, (5) :^pr«es»S:«-r5 

40 iEligtl®i:fb!^^L i 2 Cu 

X'm^-^ti,i:it%:^nttmyiimmmii^mm. j 

[0 0 18] 

®eJc#&iii«^f*bfe*S«, {b#^Lii-x-a Ax Ni 

l_Y-b By O2 (fab, AltXhn>5^>i;A*fclt>'^U 
■i/A, t>b<ltvi?'^vi/'t;A, fiJVi/'^U. ASD>^ 
'i;Afc<i;ti«>'^U ■i7A0Ef>;<)^^>Slttifed'-^'S;< i:*; 2^0 
7 u ±«:^Ji^c^ , (?) I >-r y . B it N l 

50 |^<ii?35:<i:=t)iaO)i^^R7C^A^6?iy, *tfiX , 
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Y ti, 0<XgO. 10, 0<Y^0. 30, a, b 
(t, -0. lO^aSO. 10. -0. IS^bSO. 
1 5 ; fib, X tiA (Dm^^JVm^^bs A f)'^2m&.±<D 

^ b . B Ti-i 2 a£^±®5i^^a7c^ 4^ 5 

[0 0 19] Z.U\t. ^J^^'^Atmi^'t^imKK-tOiT 

[00 20] X A'^0. 10^i')^^t<^j^^t, 

iOffiTSrllll^SlcllX l±0. 0 8i y t>/Jx$v^:^7!)-^<k 

y»*b<, $e>ic»*b<»±o. 0 5j;tj/jNSvx:^*> 
J;i.>, Y *>0. 3^i)i,:k^<tj^i>tm^mmti^ 

*b<it, Yito. 2 5<fc»jfc/jN$v^:)^*\ $e>tc»* 

b<liYttO. 2J;yt)/jN$i>7^;^)Ui>, 
[0 0 2 1] $6)tc, at bit. it^m.mit:f>'>3(D-ri\ 
Sr^-To a;<)^-0. 1 0 J: U t)/J>S < 'Si) t:, lE^^- 
;*.hA'^iS^ct'iC'ir;HbbTb*v>, i^ico. I0<i;yt> 

e., -0. osgago. 057iuu^*b<, se.ic 

»*b<li-0. 02^ag0. 02t;-fe5o b 
0 . 1 5 J; U /Jn ^ < 4^ ^ i: , *ftm^*^;j^^> b T b 
iitcO. 1 5 J; y t>A#< iEffi'^-^^H 
*^mM4'iz¥MtLXL^O. -0.0 
S^bSO. 0 8AUU^^b<, S6.lC»*b<l±- 
0. 04Sb^0. 04-e^^, 
[0 0 2 2] ddT, *^B9tC^*)^7;i/*U±S®^Jl 

lciE5ilc!l|^bT*), S3^14J;< B61jfflfig(7)fl§1^KS:*§ 
-5 d i: It^f t BUT' $> ^ fc. d tilt mra? Lti^oK- 

-e*i-iS:*qiftiJbt)ollife@^S:ge<;ffi^iiyic 

^SS:^v^fc'bfr, 
[0 0 2 3] -r^fct)*), (1) 'J^'i'AtJ.kO'Tyi/:^;'; 
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4figbfc^7;U;^U'lt!f^KS:, mx.\tyiimmizj:^xm 

;t>iS:J:yi^-lc?g-^S-frSfc«f), 'J f^-i; AMt 

LXltmM.(D{&\^% (D b < , !£J<SlCJSbT^)5S© 
|^®#jaB#lC 'J f-'t? Ai!S(Z)il;*#3a-C«S:3i^'^j:B#ra 

fc't^fsitb-c zt\,iz^ijwm^^<sffDm^<D 

[0 0 2 4] $6,lc, (2) TKi^fc^lciS^T^l/^Ult 

±m^7imm^^^ltLtzm^ ';?-'i7Ai:7;U;*7'J± 
S^JStc^ i: &-^*>-frfc^M^^ S: 1 cfc U ^I'-Ji < -r ^ 
v^e)3&iSt>^i>;ebfc. ci*i,icj;y^fiabfe«!|^®*ic 

20 Ni02 S:-^fig-ri)S-^tcfcH>T. U ^ AM^^ S: - 
'5r;K7) -tti J; U t> iJ^jfe < -r -5 i: , -y d-JUM^ U ^ 

AIM?-ii =k U # < A U ii*., iiSB^srt U ^ -i- A ^ V 

ic J: S -y- ^ ^l/^f 14 O ffi;T S: *) -r C i: 7i>^ e> T V > 
'Si (R.V.Hoshtev et al., Journal of Pouer Sources 54 
329 (1995) ) . itHZMiy^^^M(D^O\,C7)Vt)U± 

30 ^OiM\.^mm\:^tf3^mt£\-iX'tji<, #N#iciit^ 
=kUffifilT-#^tt0i«i.xt>ffllcb:ti;txe» 

[0 0 2 5] »:tc*||Bg©iE^!^K®i?ji*?Stc^vx 

TkB^-So /Mf^OU^-^^A^b-^i^iibTti, -)S6^4;^ 
iS'J^'i'A. m^U^'i'A, aiSU5^'t'A, 7Ki!{bU5^ 

A, *H'®:^*feli^-07j<fn1^. tAcliSE^bU^-i; 
A , Jfi^^ b U ^ ■> A * i: ©^{bil^-^ 3 -i; {b U 5=- -i; A if 

ig<b-rtti*'[B]«©iEmfi&!|^SA'4# e> ti-s o 

[0 0 2 6] 'J^'?A*>J:U!)^*P7t;^T:S)2)7;i/;^'J± 
|g^S7C^S:a6^®<b^?:*i^JtJ;Ut)l. 0 0~l. 2 

bfclMfSfS:+:»-lCii-^bfc^, ie{>^A>fe*vtfgg^bTS 

ffls;&&^cb^-r< bfc^. i: (7)i?{b 

#HSitf>-e, ii#3 0 0-8 0 o'CT-^ft^fi&t-^. 
50 bT, /K-;i/5;u^ffiitS8*i:'Sfflv^T-?kiK^S:«lii? 
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ufe^, nv^mitmm^'px'. a^s o o~9 o o°c-e 

6 ti S d t S: fflfiS^ W i o TffilS: L T I > 5 , 
[0 0 2 7] ^7JVtl^J^l!i!imWi^mi^^nt>tit\,^:fjm 
ic o I tt, U A J: U<^Ap ju^T' S U ± 
5g^ia7C^S:^3S^^Jl7£^J;yt>0. 9~1. 0 0^ 
(0 ^ ;i/J:b j^j: S =fc ^ tBII/MI^ S: ii^ L . K^rmmKM 
fife, ?kv^-e©55i^^igil^#'&SlUiEM?S!^Ki:U:^c. 
[0 0 2 8] *||0Stcffll>Cti,i,:ft<ljKfgR|*ffi: LT 

L fc % ffl i- ^ ti -5 . j^^K** timm 

[0 0 2 9] ;^f^!K«ipf*»j^3!iii««l0«-^- fflv> 
icti. j}f'J7i"J hU;i/ (PAN) *^e)'f§^>tiSP 

jsssiR ^iM>zt A^iz^m * ■s . ±^^mmm(D 

[0 0 3 0] ifWid'&J 

mm^t^x^mt)tii}>^i}\ -wi^iRitcgeHtfey, t> 

#:i:bTl±, ^1^, ffl^, u-;^, JB. :7x;i/ 
Ji: i: -Cflfi y #WT^ffl LT t) J; < , $ 6 iCj^^^&^RJi: t' 
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o)^mm^mm. mmm. ^mmtt^izmm^tLxm 

btzm. ^©^«mm^S^5tiM-^b7^j:v>'fb 
f:^Li2 Cu02 T-a^tlSUf^-i/A • «sl^-^®lfb4^ 

mmt^^tn'^X't^o ^\z. dwu^-^A • fl^M-^ 

ict;5i^„ iieU^-fA • |^M-&iS{b1^0-^l:l±:ft1S0 
*oai^*»*©;*c t S J; ^ TiiSi^^b^-a:^ . 
[0 0 3 1] 2|s:||Ha©mi®S:fflv^fc-}!5?mfl!lom«?eti: 
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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a high performance active material having large 
capacity and excellent in a charging/discharging cycle and a secondary battery using the 
same. 

SOLUTION: A compound expressed by a chemical formula: Lil-X-a AXNi1-Y-bBY02, (where 
A is Sr or Ba, otherwise at least two kinds of alkaline earth metal elements selected among 
Mg, Ca, Sr and Ba, B comprizes at least one kind of transition metal elements excepting Ni. In 
the formula, X and Y are defined as: 0<X<0.10, 0<Y<0.30. while a and b are defined as:-0.10 
<a<0.10, -0.15<b<0.15. Here, X represents total quantity of A in mol, but, if A comprises two 
or more kinds of alkaline earth metal elements, then X represents total quantity in mol of all of 
the alkaline earth metal elements, and if B comprises two or more kinds of transition metal 
elements, then Y represents total quantity in mol of all of the transition metal elements 
excepting Ni). 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 

precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Chemical formula Lil-X-a AX hickell-Y-b BY 02 however, A — strontiirai, barium, or 
magnesium ~ At least two sorts of alkaline-earth-metal elements chosen from calcium, strontium, and 
barium, it is in ******** and B consists of at least one sort of transition-metals elements except nickel, 
the inside X and Y of a formula 0< X<=0.10, 0< Y<=0.30, and a and b - 0.10<=a<=0.10, -0.15 
<=B<=0.15;, however X A The Total Number of Mols is Expressed and it is A. When Consisting of 
Two or More Sorts of Alkaline-Earth-Metal Elements X the total number of mols of a total-alkali earth- 
metal element — it is ~ moreover, Y the case where express the total number of mols of B and B consists 
of two or more sorts of transition-metals elements ~ Y the total number of mols of all the transition- 
metals elements except nickel ~ it is — positive active material characterized by being the compoimd 
expressed 

[Claim 2] A The positive active material according to claim 1 characterized by being ** strontium or 

barium. 

[Claim 3] The positive active material according to claim 1 characterized by A being magnesium, 
calciimi, strontium, and at least two or more sorts of alkaline-earth-metal elements chosen from barium. 
[Claim 4] The positive active material according to claim 1 characterized by being 0< X<=0.08. 
[Claim 5] The positive active material according to claim 1 characterized by being 0< X<=0.05. 
[Claim 6] The positive active material according to claim 1 characterized by being 0< Y<=0.25. 
[Claim 7] The positive active material according to claim 1 characterized by being 0< Y<=0.20. 
[Claim 8] - The positive active material according to claim 1 characterized by being 0.05<=a<=0.05. 
[Claim 9] - The positive active material according to claim 1 characterized by being 0.02<=a<=0.02. 
[Claim 10] - The positive active material according to claim 1 characterized by being 0.08<=b<=0.08. 
[Claim 11] - The positive active material according to claim 1 characterized by being 0.04<=b<=0.04. 
[Claim 12] The manufactiure method of the positive active material according to claim 1 characterized 
by removing the alkalinity which prepared the start raw material containing a lithium and A at 1.00 or 
more and 1 .25 or less rate by the stoichiometry to the start raw material containing nickel and B, and 
generated the raw material after baking in the oxidizing atmosphere. 

[Claim 13] The manufacture method of a positive active material according to claim 12 that removal of 
this alkalinity is characterized by being based on rinsing. 

[Claim 14] The manufacture method of the positive active material according to claim 1 characterized 
by preparing the start raw material containing a lithium and A at 0.90 or more and less than 1.00 rate by 
the stoichiometry to the start raw material containing nickel and B, and calcinating it in an oxidizing 
atmosphere. 

[Claim 15] The non-aqueous-solvent system rechargeable battery characterized by using a positive 
active material according to claim 1. 

[Claim 16] The negative electrode using the active material which has irreversible capacity, and a 
positive active material and chemical formula Li2 Cu02 Non-aqueous-solvent system rechargeable 
battery characterized by consisting of positive electrodes containing the lithium and copper multiple 
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oxide expressed. 

[Claim 17] The non-aqueous-solvent system rechargeable battery according to claim 16 characterized by 
this active material being an active material according to claim 1. 

[Claim 18] The non-aqueous-solvent system rechargeable battery according to claim 15 or 16 
characterized by using the positive active material manufactured by the method according to claim 12 to 
14. 

[Claim 19] The non-aqueous-solvent system rechargeable battery according to claim 15 or 16 
characterized by using carbonaceous material for a negative-electrode active material. 
[Claim 20] The non-aqueous-solvent system rechargeable battery according to claim 15 or 16 with 
v/hich this carbonaceous material is characterized by being a carbon fiber. 

[Claim 21] This carbon fiber is 100 micrometers of average length. Non-aqueous-solvent system 
rechargeable battery according to claim 15 or 16 characterized by having the shape of a staple fiber of 
the following. 



[Translation done,] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to a positive active material, its 
manufacture method, and the non-aqueous-solvent system rechargeable battery that used this positive 
active material. 
[0002] 

[Description of the Prior Art] In recent years, the need over the rechargeable battery of small high 
capacity is increasing with the spread of portable devices, such as a video camera and a notebook sized 
personal computer. Although most rechargeable batteries used now are nickel-cadmium batteries which 
used the alkali electrolytic solution, a cell voltage is as low as about 1 .2 V, and the improvement in an 
energy density is difficult. Therefore, the lithium secondary battery with which specific gravity uses the 
lithium metal whose current capacity per umt weight it is ttie lightest top, potential is ** very much, and 
is also the maximum in metal negative-electrode material among the simple substance of 0.534 and a 
solid-state was examined. 

[0003] However, in the rechargeable battery which uses a lithium metal for a negative electrode, the 
lithium (dendrite) of arborescence recrystallizes on the surface of a negative electrode at the time of 
electric discharge, and this grows by the charge-and-discharge cycle. Growth of this dendrite breaks 
through the diaphragm (separator) arranged so that a positive electrode and a negative electrode may not 
contact, when the worst, as electrically as a positive electrode, it will be short-circuited, will ignite and it 
not only degrades the cycle property of a rechargeable battery, but it will destroy a cell. Carbonaceous 
material, such as corks, was used as the negative electrode, and doping and the rechargeable battery 
which repeats charge and discharge by carrying out ** doping were proposed in alkali-metal ion there as 
shown in JP,62-90863,A. It tums out that the degradation problem of the negative electrode in the repeat 
of charge and discharge which were mentioned above is avoidable with this, Moreover, an anion is 
doped and such various carbonaceous material can also be used as a positive electrode. As a 
rechargeable battery using the electrode which makes a basic principle doping of the lithium ion to the 
above-mentioned carbonaceous material, or an anion, JP,57-208079,A, JP,58-93176,A, JP,58-192266,A, 
JP,62-90863,A, JP,62-122066,A, JP,3-66856,A, etc. are well-known. 

[0004] As such a carbonaceous material, you may use a thing, a powdered carbon fiber (the shape of the 
shape of a continuous glass fiber, and a staple fiber), or the powdered carbon fiber structure of a 
configuration etc. with which gestalt. 

[0005] Furthermore, recently, that a cell voltage indicates 4V order to be appears to meet the demand of 
the formation of high-energy density, and the spotlight is captured. High-voltage-ization of a cell 
voltage is advanced to a positive electrode by search of the active material which shows high potential, 
and development, and inorganic compounds containing alkali metal, such as a transition-metals oxide 
and transition-metals chalcogen, are known. Especially, LiXCo02 (0< x<=1.0), LiX Ni02, etc. think 
that it is the most promising fi-om high potential, stability, and the point of being long lasting (0< 
x<=1.0). Also in this, it is LiNi02. LiCo02 It compares, a raw material is cost **, and that supply is 
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stable and since [ although it is a 4V class active material further, ] charge potential is low a little, 
research is energetically advanced from the advantage that decomposition of the electrolytic solution is 
suppressed etc. 
[0006] 

[Problem(s) to be Solved by the Invention] However, LiNi02 Although there was no problem especially 
in a cycle-life property when [ of about 100 mAh/g ] charge and discharge were comparatively repeated 
by low service capacity, when charge and discharge were repeated by the service capacity of about 100 
or more mAh/g, remarkable capacity degradation was caused and the technical problem that it was 
unusable practically occurred. 

[0007] Here, this invention persons are LiNi02. As a result of considering the cause of degradation of 
the service capacity by the charge-and-discharge cycle of the lithium secondary battery used for the 
positive active material, the conclusion whether cycle degradation took place remarkably for the 
following two reasons was obtained. Namely, when the covalent bond of (1) nickel and oxygen is weak 
and carries out the day intercalation of the lithium at the time of charge, Cannot maintain the layer 
structure but structure is destroyed partially, and when the places a lithium carries out [ places ] an 
intercalation at the time of subsequent electric discharge decrease in number, cause degradation of 
service capacity. (2) ~ LiCo02 a case ~ the time of charge — since [ of a lithivmi ] the tetravalent cobalt 
produced in connection with the day intercalation has an unpaired electron into 3d orbit (t2g) — 
electronic-conduction nature increases during charge — receiving — LiNi02 a case ~ the time of charge - 
- having been generated ~ tetravalent nickel It is thought that electronic-conduction nature falls while 
charging, since 3d orbit (t2g) is filled with six electrons and an unpaired electron does not exist, 
consequently a big overvoltage is produced in early stages of electric discharge, and degradation of 
service capacity is caused, 

[0008] LiNi02 Since (1) and (2) happen simultaneously, a case is considered to cause remarkable cycle 
degradation in connection with a charge-and-discharge cycle. Therefore, unless it solves both (1) and 
(2), it does not become an improvement of a practical cycle-life property. Then, some improvements, 
such as JP,5-299092,A (LiNil-XMnX 02), JP,6-150929,A (LiX MY Ni02;M is at least one of Na and 
K), and JP,5-325966,A, have been especially proposed about (1) since before. Although JP,6-150929,A 
tends to maintain the layer structure when the day intercalation of the lithium is carried out by replacing 
some lithiums by sodium or the potassiimi at the time of charge, the sodium or the potassiimi of a 
lithium layer checks diffusion of a lithium ion in this case, and it has the fault of reducing service 
capacity. Although JP,5-299092,A and JP,5-325966,A tend to maintain the layer structure when the day 
intercalation of the lithium is carried out by replacing some nickel by manganese or cobalt at the time of 
charge, they are inadequate for the practical cycle degradation improvement of which at least 100 times 
or more of cycle properties are required. 

[0009] Furthermore, JP,4-171659,A has the publication about a compound which replaced some 
lithiimis in multiple oxides, such as a cobalt acid lithium, by the magnesiiun which is alkaline earth 
metal. However, when there is no concrete publication about the effect at the time of applying this 
technique in the nickel acid lithium with which high capacity-ization is expected more compared with a 
cobalt acid lithium and this invention persons replaced 10% or more of lithium by alkaline earth metal in 
the nickel acid lithiimi and the nickel cobalt compound acid lithium, the result that capacity fell 
remarkably was obtained. Although the inclination of a cycle degradation improvement is seen, if the 
feature of the high capacity originally expected to these oxides is taken into consideration, it must be 
said that it is inadequate practically. 

[0010] Moreover, some improvements, such as JP,62-90863,A and JP,6- 124707, A, have been proposed 
also about (2). Although JP,62-90863,A (transition metals and N are [ AX MY NZ 02;A ] at least one 
sort of aluminxmi. In, and Sn for alkali metal and M) tends to give electronic-conduction nature by 
replacing some nickel by aluminum etc., it has the inclination for discharge voltage to fall and has the 
fault of spoiling the feature of the high voltage and high-energy density which are originally expected to 
the lithium cell. Although JP,6-124707,A (LiY nickell-X MeX 02;Me is Cu, Zn, or Ag) tends to give 
electronic-conduction nature with transition-metals elements, such as copper replaced by replacing some 
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nickel by transition-metals elements, such as copper, it does not have any publication about 
improvement in a cycle-life property. 

[001 1] Moreover, JP,5-283076,A (LiY nickell-X MeX 02;Me is Ti, V, Mn, or Fe) Although the layer 
structure tends to be maintained with transition-metals elements, such as replaced titaniimi, and it is 
going to give electronic-conduction nature when the day intercalation of the Uthium is carried out by 
replacing some nickel by transition-metals elements, such as titanium, at the time of charge It is still 
inadequate for the practical cycle degradation improvement of which at least 100 times or more of cycle- 
life properties are required. 

[0012] if in charge of composition of these lithiums nickel multiple oxide on the other hand — LiNi02 
** — when compounding the active material of the composition to say, it is the common practice which 
a lithium hydroxide, a lithivmi carbonate, or a lithium nitrate is used as a source of a lithixim, nickel 
hydroxide, nickel carbonate, or nickel oxide is used as a source of nickel, a lithium atomic number is 
mixed so that a nickel atomic number may be set to 1 to 1 , and is calcinated in an oxidizing atmosphere 
Compounded LiNi02 It belongs to the R-3m space group of hexagonal system, and the field which 
becomes c shaft orientations fi-om each atom of nickel, oxygen, and a lithivun ideally forms the layer 
structure piled up in good order. However, the atomic ratio of the lithium in the active material 
generated since some nickel atoms entered into a lithium atomic layer easily, and nickel will not be set 
to 1 to 1 by change of delicate baking conditions, but the empirical formula will become the compoimd 
expressed vsdth Lil-X nickell+X 02 (x> 0). This will mean that the amount of [ of the source of a 
lithiirai ] surplus exists at the time of baking, and, finally will mix it into an active material as strong- 
base nature matter, such as a lithium oxide or a lithium hydroxide. This mixed strong-base nature matter 
will have a bad influence on the electrolytic solution etc. at the processability row to the cell electrode of 
an active material, and it not only causes the fall of a cell property, but it will also reduce the 
productivity and repeatability. Therefore, when suppressing mixing to the lithium atomic layer of a 
nickel atom, and suppressing establishment of the synthesis method which obtains the active material of 
the purpose composition with sufficient repeatability, and mixing of the strong-base nature matter to the 
compound active material develops the rechargeable battery using the nickel system positive active 
material, it can be called an important technical problem. 

[0013] Furthermore, in the electrode using carbonaceous material as a negative electrode, it has the 
problem that service capacity is small (initial capacity loss is large), to an early charge capacity. 
Although initial capacity loss is based also on the kind of carbon body, it is very as large as 20 - 60%, 
and 10% or less and the bird clapper are known for the first time after several times of charges and 
discharges. Especially the thing that initial capacity loss is in the rechargeable lithium-ion battery which 
used doping and ** doping of the lithium ion to this negative-electrode carbon body, using a carbon 
body as a negative electrode is a big problem. In this rechargeable hthium-ion battery, the lithixmi ion 
doped to a negative-electrode carbon body is supplied fi"om a positive electrode through the electrolytic 
solution. Only the part of the excessive amount of lithiimis equivalent to initial capacity loss also needs 
to put in a positive electrode too much. For this reason, it became the volume of a cell, or the increase in 
a weight, and was disadvantageous in respect of the energy density. 

[0014] Various reasons of side reaction by the fimctional group on irreversible reaction and the fi-ont 
face of carbon by alkali-metal ion being doped as a cause of initial capacity loss by the portion in a 
carbon body by which a ** dope cannot be carried out easily, such as a solvent and electrolytic 
disassembly, are mentioned. 

[0015] this invention tends to cancel the fault of the above-mentioned conventional technology, and 
aims at offering the highly efficient rechargeable battery using the positive active material and it which 
were excellent in the charge-and-discharge cycle with high capacity. 
[0016] 

[Means for Solving the Problem] this invention has the following composition, in order to solve the 
above-mentioned technical problem. 

[0017] "(1) chemical-formula Lil-X-a AX nickel 1-Y-b BY 02 however, A — strontium, barium, or 
magnesium — At least two sorts of alkaline-earth-metal elements chosen firom calcium, strontium, and 
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barium, from at least one sort of transition-metals elements are in******** and excluding [ B ] nickel — 
becoming - inside X and Y of a formula 0< X<=0.10, 0< Y<=0.30, and a and b - 0.10<=a<=0.10, -0.15 
<=B<=0.15;, however X A The Total Number of Mols is Expressed and it is A. When Consisting of 
Two or More Sorts of Alkaline-Earth-Metal Elements X It is the total number of mols of a total-alkali 
earth-metal element, and is Y. When the total nvimber of mols of B is expressed and B consists of two or 
more sorts of transition-metals elements Y the total number of mols of all the transition-metals elements 
except nickel — it is — the positive active material characterized by being the compound expressed — (2) 
As opposed to the start raw material which contains nickel or B for the start raw material containing a 
lithium and A by the stoichiometry 1 .00 or more It prepares at 1 .25 or less rate, a raw material in an 
oxidizing atmosphere After baking. The manufacture method of the positive active material the above- 
mentioned (1) publication characterized by removing the generated alkalinity, (3) As opposed to the 
start raw material which contains nickel or B for the start raw material containing a lithivim and A by the 
stoichiometry 0.90 or more The manufacture method of the positive active material the above-mentioned 
(1) publication characterized by preparing at less than 1 .00 rate and calcinating in an oxidizing 
atmosphere, (4) The negative electrode using the active material which has the non-aqueous-solvent 
system rechargeable battery characterized by using the positive active material of the above-mentioned 
(1) publication, and (5) irreversible capacity, a positive active material and chemical formula Li2Cu02 
Non-aqueous-solvent system rechargeable battery characterized by consisting of positive electrodes 
containing the lithium and copper multiple oxide expressed. " 
[0018] 

[The mode of implementation of invention] As a result of considering an improvement of a cycle-life 
property wholeheartedly, this invention persons Chemical formula Lil-X-a AX nickel 1-Y-b BY 02 
however, A — strontixmi, barium, or magnesium — At least two sorts of alkaline-earth-metal elements 
chosen from calciiun, strontiimi, and barium, from at least one sort of transition-metals elements are in 
******** and excluding [ B ] nickel — becoming ~ inside X and Y of a formula 0< X<=0.10, 0< 
Y<=0.30, and a and b - 0.10<=a<=0.10, -0.15 <=B<=0.15;, however X A The Total Number of Mols is 
Expressed and it is A. When Consisting of Two or More Sorts of Alkaline-Earth-Metal Elements X It is 
the total number of mols of a total-alkali earth-metal element, and is Y. It is Y, when the total number of 
mols of B is expressed and B consists of two or more sorts of transition-metals elements. It came to find 
out the positive active material which has the general chemical formula that it is the total number of 
mols of all the transition-metals elements except nickel. Here, as a transition-metals element, 
manganese, a scandivim, titanium, vanadium, chromivun, iron, and cobalt showed the respectively same 
effect. 

[0019] This by making small the amount of one or more sorts of alkaline-earth-metal elements replaced 
by the lithium with less than 10% of a lithium By being able to attain an improvement of a cycle-life 
property, pressing down the fall of capacity, and replacing nickel and a transition-metals element It 
becomes possible to maintain the layer structure and to give electronic-conduction nature, and it acts in 
multiplication with the effect of an alkaline-earth-metal element, it is, and that from which the good 
cycle-life property was acquired is conjectured. 

[0020] Moreover, X If it becomes larger than 0.10, the alkaline-earth-metal element replaced by the 
lithium as above-mentioned will check diffusion of a lithium ion, will become a resistance component 
conversely, and service capacity will be reduced greatly. For suppressing the fall of service capacity, it 
is X. The one where the one smaller than 0.08 is more desirable still more desirable, and smaller than 
0.05 is good. Moreover, Y If it becomes larger than 0.3, the crystal structure will become unstable and a 
cycle-life property will become bad. Preferably, it is Y. The one smaller than 0.25 is Y still more 
preferably. The one smaller than 0.2 is good. 

[0021] Furthermore, a and b express the gap from stoichiometry nature. If a becomes smaller than -0.10, 
it will gel, while a positive-electrode paste kneads, and if it becomes large rather than 0.10 conversely, 
service capacity will decrease. From this point, -0.05<=a<=0.05 is -0.02<=a<=0.02 more desirable still 
more preferably. Moreover, if b becomes smaller than -0.15, service capacity will decrease, and if it 
becomes large rather than 0.15 conversely, while a positive-electrode paste kneads, it vsdll gel. From this. 
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-0.08<=b<=0.08 is -0.04<=b<=0.04 more desirable still more preferably. 

[0022] When adding and carrying out substitution dissolution of the components, such as an alkaline- 
earth-metal element concerning this invention, here, even if correctly prepared to the purpose 
composition, it was very difiBcult to obtain the active material of the purpose composition with sufficient 
repeatability. Although mixing to the lithixmi atomic layer of a nickel atom was considered that this 
mentioned above with the main causes, in order to attain substitution dissolution as the purpose 
composition, suppressing it, as a result of inquiring wholeheartedly, the following synthesis methods 
were found out. 

[0023] That is, the start raw material containing (1) hthium and an alkaline-earth-metal element was 
superfluously prepared to the start raw material containing nickel and a transition-metals element, and 
rinsing etc. removed the generated strong-base nature matter after baking. In order to make homogeneity 
mix a hthium ion and alkaline-earth-metal ion more at this time, as a source of a lithium to be used, the 
low thing of the melting point is desirable and only suitable time may hold temperature near the melting 
point of the source of a lithium if needed at the time of the temperature up in the case of baking. Since 
the strong-base nature matter which the active material of the purpose composition was obtained by this 
with sufficient repeatability, and was generated by rinsing etc. was removed, there is also no bad 
influence to the processability to the electrode of an active material which was mentioned above etc., 
and the positive electrode which has high cycle retention by high capacity was able to be created. 
[0024] Furthermore, as a method of preventing the mixing to the last active material, without performing 
strong-base nature matter removal operation by (2) rinsings etc., when having mixed a raw material and 
all the transition element atomic numbers containing nickel were set to 1, the method of making fewer 
than 1 all the atomic numbers that set the lithium and the alkaline-earth-metal element was also found 
out. the strong-base nature matter does not generate in the active material which this compovmded, but 
the processability to the electrode of an active material etc. is boiled markedly, and can be improved By 
the way, generally it is LiNi02. If a lithium atomic number is made fewer than that of nickel when 
compounding, a nickel atom enters mostly by the lithium atomic layer, and bringing about the fall of the 
cycle property by generation of a rock salt type crystal is known by the capacity fall by diffusion 
prevention of the lithium ion in a crystal, and the row (R. V.Moshtev et al. and Joimial of Power Sources 
54 329 (1995)). Even if it used this synthesis method in the case of the nickel system positive active 
material which contains alkaline earth metal like this invention to it, most falls of such an 
electrochemical property were not observed. That is, the positive active material of this invention can be 
said to be very useful not only the high electrochemical performance but in that it was more simple and 
the synthetic conditions of a nickel system positive active material that former very precise conditioning 
was needed were made into what has high repeatability. 

[0025] Next, the manufacture method of the positive active material of this invention is described. As a 
hthium compoimd of a raw material, oxides, such as salts, such as a general lithium carbonate, a lithium 
nitrate, lithium sulfate, and a lithium hydroxide, a hydrate of those or a lithium oxide, and a peroxidation 
lithium, an iodation lithium, etc. are mentioned. A salt with the same said of nickel or its hydrate, and an 
oxide are mentioned, and the same start raw material is used about other alkaline earth metal and 3d 
transition metals. If even the synthetic condition is optimized even if it uses which start raw material, the 
same positive active material will be obtained. 

[0026] A start raw material is prepared so that the alkaline-earth-metal element which are a lithium and 
an alloying element may be increased more than the target stoichiometry 1 .00 to 1 .25 times. In this way, 
it will cast, if there is need after fully mixing the prepared raw material, and after making soUd phase 
reaction easy to cause, preliminary baking is usually carried out at 300-800 degrees C in oxidizing 
atmospheres, such as air and pure oxygen. And after cracking an aggregated particle using a ball mill, a 
grinding machine, etc., again, in the oxidizing atmosphere, the strong-base nature matter (a lithium or 
alkaline-earth-metal oxide) generated after this baking was usually removed at 500-900 degrees C, and 
by pulverization, classification operation, etc., grain refining was carried out and, subsequently it 
considered as the positive active material. It is checking by the component analysis that the composition 
which has homogeneity and repeatability more is acquired by this operation. 
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[0027] About the method of not performing strong-base nature matter removal operation, like the 
following, the start raw material was prepared so that it might become a 0.9 to 1 .00 times as many mole 
ratio as this from all transition-metals elements about the alkaline-earth-metal element which are a 
lithium and an alloying element, and it calcinated, and it ranked second, pulverization and classification 
operation were performed, and it considered as the positive active material. 

[0028] Especially as a negative-electrode carbonaceous material used for this invention, it is not limited 
and what generally calcinated the organic substance is used. Adding an electric conduction agent to the 
purpose of current collection, when not enough also has the desirable electronic-conduction nature of 
carbonaceous material. 

[0029] Moreover, when carbonaceous material is a carbon fiber, especially as a carbon fiber used, it is 
not limited and what generally calcinated the organic substance is used. Although the pitch based carbon 
fiber specifically obtained from pitches, such as a PAN system carbon fiber obtained from a 
polyacrylonitrile (PAN), coal, or petroleum, the cellulose system carbon fiber obtained from a cellulose, 
the vapor-growth carbon fiber obtained from the gas of the low-molecular-weight organic substance are 
mentioned, the carbon fiber which calcinates polyvinyl alcohol, a lignin, a polyvinyl chloride, a 
polyamide, a polyimide, phenol resin, furfuryl alcohol, etc., and is obtained is sufficient. It is necessary 
to choose suitably the carbon fiber which fulfills the property in these carbon fibers according to the 
property of the electrode and cell by which a carbon fiber is used. When using it for the negative 
electrode of the rechargeable battery using the nonaqueous electrolyte containing an alkali-metal salt in 
the above-mentioned carbon fiber, a PAN system carbon fiber, a pitch based carbon fiber, and a vapor- 
growth carbon fiber are desirable. Especially, in that doping of alkali-metal ion, especially a lithium ion 
is good, a PAN system carbon fiber and a pitch based carbon fiber are desirable, and the pitch based 
carbon fiber which calcinates PAN system carbon fibers, such as the Toray Industries, Inc. "TOREKA" 
T series or "TOREKA" M series, and mezzo-soprano phase pitch coke, and is obtained also in this is 
used still more preferably. [ of make ] 

[0030] Although what form may be taken in case a carbon fiber is used as an electrode, it arranges to 1 
shaft orientations, or becomes a form with desirable making it the structure of the shape of the shape of a 
textile, or felt etc. As the structures, such as the shape of the shape of a textile, and felt, although textiles, 
knitting, a braid, a race, a network, the felt, paper, a nonwoven fabric, a mat, etc. are mentioned, points, 
such as a property of a carbon fiber and the electrode characteristic, to textiles, the felt, etc. are 
desirable. Moreover, you may use it by the binder etc., sticking a carbon fiber on charge collectors, such 
as copper foil, and the electric conduction agents in the end of a carbon powder etc. may be added 
fiirther. When operability and productivity are taken into consideration, it is a staple-fiber-like carbon 
fiber still more preferably. Like the usual carbon powder, wdth an electric conduction agent and a binder, 
it can electrode-ize, can use, and also has the structxire property still more peculiar to a carbon fiber. 100 
micrometers of average length It is easy to deal wiih the following, and since a raise in bulk density is 
possible, it is more desirable. Chemical formula Li2 Cu02 which does not participate in subsequent 
electrochemical reaction after deintercalating a lithium all over a positive electrode in using 
carbonaceous material as a negative electrode You may make the lithium and copper multiple oxide 
expressed contain. The initial capacity loss which the negative electrode has by this can be compensated, 
and the lithium in the above-mentioned positive active material can be used effectively. Furthermore, the 
amount of deintercalation of the lithium at the time of initial charge of this lithiimi and copper multiple 
oxide is about 2.5 times the above-mentioned positive active material, and is also that this contributes to 
the improvement in capacity of per imit volmne of a cell greatly. The content of the above-mentioned 
lithium and copper multiple oxide is suitably changed with the size of initial capacity loss of a negative 
electrode. 

[0031] Especially as the electrolytic solution of the rechargeable battery using the electrode of this 
invention, the conventional non-aqueous-solvent system electrolytic solution is used, without being 
limited. As the electrolytic solution of the rechargeable battery which consists of nonaqueous electrolyte 
which contains an above-mentioned alkali-metal salt in this, they are propylene carbonate, ethylene 
carbonate, and gamma. - A butyrolactone, N - A methyl pyrrolidone, an acetonitrile, N.N- 
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dimethylformamide, a dimethyl sulfoxide, a tetrahydrofuran, 1, 3-dioxolane, methyl fomiate, a 
sulfolane, oxazolidone, a thionyl chloride, 1, 2-dimethoxyethane, diethylene carbonate, these 
derivatives, mixture, etc. are used preferably. As an electrolyte contained in the electrolytic solution, the 
halogenide of alkali metal, especially a lithium, a perchlorate, a thiocyanogen salt, hoe fluoride salt, 
Lynn fluoride salt, arsenic fluoride salt, aluminum fluoride salt, a trifluoromethyl sulfate, etc. are used 
preferably. 

[0032] As a use of the rechargeable battery using the electrode of this invention, it can use for portable 
small electronic equipment, such as a video camera, a notebook computer, a word processor, a radio 
cassette recorder, and a cellular phone, widely by lightweight and high capacity using the feature of 
high-energy density. 
[0033] 

[Example] Although the concrete embodiment of this invention is described with an example below, this 
invention is not limited to this. 

[0034] Chemical formula Lil-X-a AX nickel 1-Y-b BY 02 which is one to example 17 this invention 
however, A — strontium, barium, or magnesium ~ At least two sorts of alkaline-earth-metal elements 
chosen from calcium, strontium, and barimn, from at least one sort of transition-metals elements are in 
******** and excluding [ B ] nickel ~ becoming — inside X and Y of a formula 0< X<=0.10, 0< 
Y<=0.30, and a and b - 0.10<=a<=0.10, -0.15 <=B<=0.15;, however X A The Total Number of Mols is 
Expressed and it is A. When Consisting of Two or More Sorts of Alkaline-Earth-Metal Elements X the 
total number of mols of a total-alkali earth-metal element ~ it is ~ moreover, Y the case where express 
the total mmiber of mols of B and B consists of two or more sorts of transition-metals elements — Y the 
total nimiber of mols of all the transition-metals elements except nickel — it is — the example using the 
17 following kinds is illustrated as a compound shown 
[0035] 

Example l.Li0.98Sr0.02nickel0.90Co0.10O2 example 2.Li0.95Sr0.05nickel0,90Co0.10O2 example 
3.Li0.90Sr0.10N i0.90Co0.10O2 example 4.Li0.98Ba0.02nickel0.90Co0.10O2 example 
5.Li0.95Ba0.05nickel0.90Co0.10O2 example 6. Li0.90Ba0.10nickel0.90Co0.10O2 example 
7.Li0.98Mg0.01calcium0.01nickel0.90Co0.10O2 example 8.Li0.98Mg0.01 Ba0.01nickel0.90Co0.10O2 
example 9.Li0.98Mg0.01Sr0.01nickel0.90Co0.10O2 example 10.Li0.98calcium0.01Sr0.0 
lnickel0.90Co0.10O2 example 1 l.Li0.98calcium0.01Ba0.01nickel0.90Co0.10O2 example 
12.Li0.98Ba0.01Sr0.01nickelO . 90Co0.10O2 Example 13.Li0.98Sr0.02Nickel0.90Cu0.10O2 Example 
14.Li0.98Sr0.02Nickel0.90Ti0.10O2 Example 15 . Li0.98Ba0.02Nickel0.90Mn0.10O2 Example 
16.Li0.98Ba0.02Nickel0.80Mn0.20O2 Example 17.Li0.98Ba0.02Nickel0.70Mn 0.30O2 - the Example 
1 Above-mentioned in Inside of this - Setting Used Li0.98Sr0.02nickel0.90Co 0.1 0O2 A synthesis 
method is explained in detail below. 

[0036] The lithium nitrate of a commercial high grade reagent (LiN03), Nickel hydroxide (nickel2 
(OH)), a strontium hydroxide and 8 monohydrate (Sr(OH)2 and 8H2 O), It is Lil.10SrO.022 
nickel0.90Co 0.1 0O2 by oxide conversion about cobalt hydroxide (Co2 (OH)). After carrying out 
weighing capacity so that it may become, and fully mixing with an automatic mortar, it is filled up in the 
crucible made from an alumina. Using the atmosphere firing fumace, among the pure oxygen air current 
(a part for flow rate/of 11.), it held for 16 hours and preliminary baking was carried out at 650 degrees C. 
After cooling to a room temperature, the automatic mortar groimd for 30 minutes again, and 
condensation of an aggregated particle was cracked. And after rinsing the powder which groimd for 20 
minutes and was obtained with the mortar made from agate after having held for 24 hours, carrying out 
actual baking at 800 degrees C under the same atmosphere as preliminary baking and cooling to a room 
temperature with distilled water for 2 hours, it was made to dry at 150 degrees C for 4 hours using a 
vacuum dryer, the automatic mortar groimd again for 1 hour, and it considered as the positive-active- 
material powder of this invention. When the fixed quantity component analysis of the obtained powder 
was carried out, it is Li0.98Sr0.020nickel0.90Co 0.1 0O2. It checked that it was composition. 
[0037] Next, the production method of the cell for charge-and-discharge characterization is described, a 
positive electrode ~ N-methyl pyrrolidone (NMP) solution which prepared the polyvinylidene-fluoride 
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active material whose mixture is a binder so that it might become 10wt(s)% — the above-mentioned 
active material:electric conduction agent (acetylene black) — it mixed so that ibinder might serve as the 
89 weight sections:4 weight section:? weight section, and with the automatic-among nitrogen air current 
mortar, it mixed for 30 minutes and produced After having appHed this on aluminimi foil with a 
thickness of 20 micrometers, applying and drying also after dryness and at the rear face at 90 degrees C 
in the oven and forming a positive electrode in both sides, it pressed and the positive electrode with the 
thickness of 200 micrometers, a width of face [ of the positive-electrode material application section / of 
10mm ], and a length of 20mm was produced. 

[0038] Next, service capacity of the positive electrode which carried out in this way and was produced 
was evaluated. The electrolytic solution is lMLiBF4. It is the propylene carbonate and dimethyl 
carbonate (it is 1 :1 at a volume ratio respectively) which are included, and 3 pole type cell which used 
the metal lithium foil estimated in the counter electrode and the reference pole, the current density per 
active material ~ the constant current of 30 mA/g - it is — 4.2V (vs.Li+/Li) up to — it charged After 
charge, it discharged to 3,0V (vs.Li+ / Li) with the same current density as charge. Furthermore, the 
charge-and-discharge cycle was repeated, the 200th service capacity and the 1st service capacity were 
measiired, and it asked for the capacity retention expressed with the following formula. 
[0039] capacity retention (%) ={(200th service capacity )/(lst service capacity)} x 100 others ~ an 
example — instead of [ of strontium ] — calcium, barium, and magnesium ~ instead of [ of cobalt ] — 
copper, manganese, or titaniimi — using — things — except produced the positive active material 
similarly In addition, about an alkali-metal element, it is [ component analysis / fixed quantity ] a frame 
atomic absorption method, and checked that it was the purpose composition which all showed to each 
example within error range using ICP emission spectrochemical analysis about other metallic elements. 
[0040] Example 18LiO.96SrO.002 nickel0.90Co 0.1 0O2 A synthesis method is explained in detail below. 

[0041] The lithium hydroxide of a commercial high grade reagent (LiOH), Nickel hydroxide (nickel2 
(OH)), a strontium hydroxide and 8 monohydrate (Sr(OH)2 and 8H2 O), It is Li0.97Sr0.002 
nickel0.90Co 0.1 0O2 by oxide conversion about cobalt hydroxide (Co2 (OH)). Weighing capacity is 
carried out so that it may become. After fiiUy mixing with an automatic mortar, it was filled up in the 
crucible made from an alumina, and using the atmosphere firing fiimace, among the pure oxygen air 
current (a part for flow rate/of 11.), it held for 10 hours and preliminary baking was carried out at 600 
degrees C. After cooling to a room temperature, the automatic mortar ground for 30 minutes again, aiid 
condensation of an aggregated particle was cracked. And after having held for 12 hours, carrying out 
actual baking at 750 degrees C under the same atmosphere as preliminary baking and cooling to a room 
temperature, the mortar made from agate groimd for 1 hour, and it considered as the positive-active- 
material powder of this invention. When the fixed quantity component analysis of the obtained powder 
was carried out, it is LiO.96SrO.002 nickel0.90Co 0.1 0O2. It checked that it was composition. 
[0042] About evaluation of the service capacity of a positive electrode, it carried out to the production 
method row of the cell for charge-and-discharge characterization like the example 1. 
[0043] Here, preparation composition and quantitative-analysis composition of each example were 
shown in Table 1. Moreover, the initial capacity and the capacity retention of each example were shown 
in Table 2, 

[0044] Furthermore, the rechargeable battery produced combining the positive active material and 
carbon fiber of this invention in addition to the above example is also shown in an example 19. 
[0045] The negative electrode containing 7mg ("TOREKA" T-300, Toray Industries, Inc. make) of 
commercial PAN system carbon fibers was laid on top of the positive electrode containing 30mg of 
positive active materials produced in the example 19 example 1 through the separator of a porosity 
polypropylene film (Celgard #2500, product made from Die Cell Chemistry), and the rechargeable 
battery was produced. The electrolytic solution is lMLiPF6. The propylene carbonate and dimethyl 
carbonate (it is 1 :1 at a volume ratio respectively) which are included were used. Thus, it charged to 
4.10V using the produced rechargeable battery by the constant current of current density 40 mA/g per 
carbon fiber weight. It was made to discharge by the constant current of 40 mA/g after charge. The 
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result of the initial capacity at this time (positive-active-material weight conversion) and capacity 
retention was shown in Table 2. 

[0046] It is chemical formula Li2 Cu02 in 10% of the positive active material used in the example 20 
example 19. The result of the initial capacity (positive-active-material weight conversion) of the cell 
produced using the positive electrode replaced with the Hthium and the copper multiple oxide expressed 
and capacity retention was shown in Table 2. 
[0047] 
[Table 1] 







mmmi 


L i 1.10 S r0.a22N i 0.90 C o 0.1002 
L i 0.98S r 0.02N i 0.90C o0.1002 




L i 1.05 S r 0.05 N i 0.90 C o0.10O2 
L 10.95S r0.05N i0.9«C o0.1002 . 


m&ms 


L iO,99S rO.llN i 0.90 C o0.1002 
L i 0.90 S rO.lON i 0.90 C o 0.10 02 


• mmm4 


L i l.lOB aO.C)22N i 0.90C o0.10O2 
L I 0.98 B aO,02N 3O.9OC 0O.IOO2 


. mnums 


L i 1.05 B a 0,05 N i 0.90 C 0 0.1002 
L i0.95B aO,05N i.0.90 C 0 0.1002 


m&me 


L i0.99B a 0.11 N i 0.90 C 0 0.10 02 
L i 0.90B aO.lON j 0.90C 0O.IOO2 


mmmi 


L i 1-lOMg 0.011c a 0.011 N i 0.90 C 0 0.10 02 
L i0.98Mg 0,01c a 0.01 N i 0.90 C 0 0.10 02 


mmms 


L i l.lOMgO.OllB aO.OHN iO,90C 0O.IOO2 
L i 0.98M fir 0.01 B a 0.01 N i 0.90 C 0O.IOO2 




L i I.IOM £0.011 S rQ.011N i 0.90 C 0 0.1002 
. L i 0,98M B 0,01 S r 0.01 N i 0.90 C 0 O.IO 02 ' 


mmmio 


L i I.IOC aO.OllS r0.011N i 0,90C o0,l0O2 
L i 0.98 C a 0-01 S r O.OIN i 0.90 C 0 0.10 02 




L i I.IPC aO.OllB aO.OllN i 0,90C 0O.IOO2 
L i 0.98 C a O.Ol B a 0.01 N i 0.90 C 0 0.10 0 2 




L i l.lOB a 0.011 S r 0.011 N i 0.90C 0O.IOO2 
L i 0.98B a<r.01 S r O.OIN i 0.90C 0O.IOO2 


■ mmmi2 


L 1 1.IOS r0.022N i 0.90C u0.10O2 
L i 0.98 S r0.02N i 0.90 C u 0.1002 


. m&m* 


L i 1.10 S r0.022N i 0.90T J 0.1002 
L i0.98S r0.02N i 0>90T 10,1002 




L i 1.10 B a 0.022 N i 0.90Mn0.10O2 
L i 0.98 B a 0.02 N i 0.90Mn 0.1002 




L i 1.10 B a 0.022 N i 0.80Mn0.20O2 
L i 0.98 B a0i)2N i 0.80Mn0.20O2 




L i 1.10 B a 0.022 N i 0.70Mn0.30O2 
L i 0.98B a0.02N i 0.70Mn0.3002 




L i 0.97S r 0.002N i 0.90 C 0 0.10 02 
. L i O.91SS r0.002N 1 0.90C 0O.IOO2 



[Table 2] 



http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_ejje 



11/17/2003 



Page 10 of 12 





(mAh/«) 


C%) 




(mAh/g) 


(96) 


SlM^J 1 


17 8 


10 0 


J i J mini 1 4 « 


17 6 


9 7 




15 5 


9 9 




17 7 


9 8 


i?i&Tfy 3 


14 0 


9 9.. 




15 0 


9 2 




l.b o 


8 8 




15 6 


^8 5 




1 R 1 


Q 7 




1 O* 1 


o u 




14 2 


9 7 




14 0 


7 1 




17 2 


9 9 




1 2 7. 


6 4 




16 9 


9 8. 




1 8 2 


9 8 




• 1 T5 


10 0 




15 5 


• 9 6 


mmmw . 


17 3 


9 9 




17 0 


98 



The six following kinds are illustrated as an example of the example comparison of comparison. 
[0048] except for not adding example of comparison 1 the 3rd and 4 component — an example 1 ~ the 
same — carrying out — LiNi02 from — the becoming positive active material was produced and the 
result which asked for initial capacity and capacity retention was shown in Table 3 like the example 1 
[0049] instead of [ of example of comparison 2 strontium ] — magnesium — moreover, except for having 
made the addition into 20-mol % — an example 1 — the same — carrying out — 

LiO.80MgO.20nickelO.90Co 0.1 0O2 from — the becoming positive active material was produced and the 

result which asked for initial capacity and capacity retention was shown in Table 3 

[0050] except for having made the addition of example of comparison 3 strontium into 20-mol % — an 

example 1 — the same — carrying out — Li0.80Sr0.20nickel0.90Co 0.1 0O2 from — the becoming 

positive active material was produced and the result which asked for initial capacity and capacity 

retention was shown in Table 3 like the example 1 

[0051] 

example 4 of comparison Except for having made the addition of 0.40OLi0.98Ba0.02nickel0.60Mn2 
manganese into 40-mol % an example 15 — the same — carrying out — Li0.98Ba0.02mckel0.60Mn 
0.40O2 from — the becoming positive active material was produced and the result which asked for initial 
capacity and capacity retention was shown in Table 3 like the example 1 
[0052] 
[Table 3] 



S3. imm<x>iB!mfS&i:9A»m 





(nuWg) 


(W) 






1 6 1 


4 5 






• 12 0 


8 5 






12 2 


8 8 






112 - 


4 9 






12 8 


4 1 





It sets in the example of comparison 5 example 1, and is LiO.98SrO.02nickelO.90Co 0.10O2 about a 
charge. It prepared so that it might become, and the active material was compoimded like the example 1 
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after this baking except not rinsing. When it was mixed with the binder in the inside of an organic 
solvent, and the electric conduction agent row and the paste was produced, it gelled about 10 minutes 
after the kneading start, and the coating to a charge collector was impossible. 

[0053] Example 6 of comparison LiNi02 produced in the example 1 of comparison as a rechargeable 
battery positive active material Production of a rechargeable battery and evaluation were performed like 
the example 19 except having used. The result was shown in Table 3. y 
[0054] Moreover, when the fixed quantity component analysis of the positive active material shown in 
each example of comparison was carried out, it checked that the examples 1-4 of comparison were the 
pxirpose composition within error range. Preparation composition and qu£intitative-analysis composition 
of the examples 1-4 of comparison were shown in Table 4. 

[0055] The positive active material of Table 2 and 3 to this invention is LiNi02 which is not added [ of 
the example 1 of comparison ]. Compared with a system, it turns out that the charge-and-discharge 
property, especially the cycle property are excellent. Moreover, it is X from examples 1-3 and the 
examples 2 and 3 of comparison. If a value exceeds 0.10, it is Y from examples 15-17 and the example 4 
of comparison that especially initial capacity falls again. When a value exceeds 0.30, it tums out that 
especially a cycle property deteriorates. Even if this inclination changes an alloying element, some 
change is checking that a certain thing is the same. Moreover, you may add an alloying element to the 
positive active material of this invention further, without spoiling an electrode performance. 
[0056] Moreover, since the strong-base nature matter existed in the active material compounded in the 
example 5 of comparison, the paste which is mixture with an electric conduction agent and a binder was 
not able to gel, and a positive electrode good as a result was not able to be produced. In order to obtain a 
good positive electrode from comparison with the example 5 of comparison, and examples 1 and 18, it 
tums out that a synthesis method which removes the strong-base nature matter mixed into an active 
material, or prevents the generation is required. Furthermore, it tums out that the rechargeable battery 
excellent in the cycle property will be obtained from an example 19 and the example 6 of comparison if 
the positive active material of this invention is used. 

[0057] Li2 Cu02 which are furthermore the lithium and copper multiple oxide from comparison of an 
example 19 and an example 20 adding all over a positive electrode — the capacity per positive-active- 
material vmit weight — improving — in addition — and by mitigating the load accompanying the charge 
and discharge to the positive active material of this invention shows that cycle capacity retention is also 
improving 
[0058] 
[Table 4] 





±a : tf:ii*3iaj0t/Ta : «*»W«liS 




L i LION i 1.00O2 ^ 
L J 1.0 N 1 1.002 




. L i O.B8Ms0.22N i OMOC o0a0(io2 
L ] O.BOMg0.20N i 0.90 C o 0.1002 




L i 0.88 S r0^2N 1 0.900 C o0.10tio2 
L i 0.80 S r 0.20N 1 0.90 C o 0.10 Q 2 




L i l.lOB a0.022N i 0.60M n 0.41)02 
L i 0.98B a0.02N i 0.60Mn0.40Q2 . 



[0059] 

[Effect of the Invention] By this invention, the highly efficient rechargeable battery using the positive 
active material and it which were excellent in the charge-and-discharge cycle with high capacity can be 
offered. 
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